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The Mass Transfer Cooling and Aerodynamics Bacility has 

recently put into operation two hypersonic wind tunnels; 

wind tunnels use arc heaters to heat air to high enthalpy for 
simulatioq of flow conditions and heating rates around vehicles 

entering the earth's atmosphere at hypersonic speeds. 

the arc heaters is provided by a 15 megawatt power supply furnish- 

These 

Power for 

ed by Westinghouse. 

the: power supply operational problems which have occurred and to 

The purposes of this paper are to describe 

* indicate the solution to one of these problems. 

POWER SUPPLY DESCRIPTION 

This power supply I s  comprised of five identicalthree-mega- 

These modules can be connected ,together to provide watt modules. 

15 megauatts of D-C. poserfor f ive  minute3 ~r 3.66 megawatts for_ 

one hour with two hours off between runs. 

A simple one line diagram of one module is shown in figure 1. 

A l l  modules are afed from a common 6900 volt A.C. breaker. Compo- 

nents of each module are a saturable reactor for control, a recti- 

f ier transformer and the rectifiers. 

through the saturable reactor is controlled by a silicon-rectifier 

bias-control circuit which can provide as much as 60 amps Contaol 

current at 350 volts. 

winding 'bd two separate secondary windings. One of these secon- 

dary windings is connected "delta" and provides power to one half 

of a -module. 

The A.C . current flowing 

The rectifier transformer has one primary 

I 

The other secondary winding is connected %ye" and 
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provides power to the other half of a module. 

secondary windings feeds a rectifier unit consisting of six 

Westinghouse ignitrons connected in a three-phase, full-wave 

bridge circuit. Following each rectifier unit is a D.C. filter 

Each of these 

, *  

I 

comprised of a series inductance (with taps) and three parallel 

shunt circuits tuned to 360 cycles, 720 cyclers, and 1080 cycles 

respectively. 

of switches for connecting the half modules in parallel or seriee. 

Following the filters, and not shown, are a series 

The arc-heater load, which is located in another building 1200 

feet away from the power 

modules in any series 

The steady-state 

half-module are e h m  

at 1200 amps and 1250 

supply, can be connected to the five 

parallel cornbibation. . 
voltage-current characteristics of one 

In figure 2. Each half module I s  rated 

volts. The ten half modules can be con- 
* 

netted in various series and p&allel combin&tlans to give as 

much as 1200 amps at 12500 volts or 12000 amps at 1256 volts. 

OPERATIONAL 

The first operational problem 

shoot of the load current upon arc 

this transient 

behavior would 

Unfortunately, 

t 

PROBLFMS 

is a large overshoot or under- 

initiation., The magnitude of 

is indicated in figure 3 .  

not be important if the duration- very short. 

This type of transient 
we Y e  

the starting transients with this power supply may 

persist *or several seconds before decaying, or approaching, the 

preset load current. This long time-constant behavior results in. 

two different problems. First, the overshoots persist so long 

. .  
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that magnetic f ie ld  coils or other equipment w i t h  limited current 

carrying ab i l i t y  and low heat sink capability can be 'destroyed. 

Second, an undershoot can cause the arc t o  be extinguished during 

start. This condition is aggravated by an occasional short-dura- 

t ion 60 cycle oscillation which may drop the current t o  near zero 

during the first or, second oscillation. 
-. __ 

The above starting.transient behavior I s  believed t o  be asso- 

ciated with the characteristics of the saturable reactor. It is 

apparent from figure 3 that the amount of overshoot or undershoot 

is a strong function of the D.C. control current in the saturable 

reactor. The rise time of the current in the rec t i f ie r  ldaa c i r -  

. 

cuit  should be a function of the magnetic flux in the saturable 

reactor. 

current a t  the t i m e  the main breuer  closes and the level of the 

residual megnetic flux from the previous run. 

Thss flux is dependent upon the level of the bias control 

Since the t i m e  con- 

stants of the main A.C.  circuit  and the D.C. controi circuit  are 

different it is expected that a proper timing of the closing of 

the bias contactor relative t o  the main A,C.  breaker would control 

the overshoot or undershoot. 

fluence of a variable residual magnetic flux the saturable reactor 

can be demagnetized after each run by reversing the D.C. control 

In addition, t o  eliminate the in- 

current. 

flux condition for  each start. 

This w i l l  reverse the magnetic flux and provide a fixed . 
A t e s t  was set up t o  determine the feasabili ty of using 

breaker timing and the above method of demagnetizing for cmtroling 
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the starting transient. The results of this test for one test 

condition are shown in figure 4 which shows a typical starting 

transient with proper timing after demagnetization. 

shows the required delay time for the A X .  breaker after the bias 

contactor i's closed. 

Figure 5 

If the delay time shown is used no overshoot 
. *  

l or undershoot w i l l  occur for the entire range of load conditions 

available. 

The results of this test have proven the practicality of 
I )  using the above method for controlling the starting transient. 

A permanent system now beiG designed will include aeturable 

reactor control current reversal. prior to each run along with 

proper timing of breaker closing f o r  all load conditions. 

A second major problem is an unstable oscillation in voltage 
. *  

and current such as that shown in the oscillograph trace of figure 

6 .  These osciihtions may increase mtil the a r c  is extinguished. 

This type of instability occurs for some operating conditions when 

the pawer supply is connected to a Linde Model Nb00 Arc Heater. 

The Linde arc heater is a high voltage heater with a vortex stab&- 

. 
v 

lized arc. 

,conditions using moving-coil controlled rectifiers and with tap- 

changing transformer-controlled rectifiers without important arc 

This heater has operated over a wide range of operating 

stability problems. 

with the Ames 15 megawatt power supply the arc becomes unstable and 

extinguishes itself. 

to 5 cycle per second voltage and current fluctuatkon shown in 

However, when operated at high air flow rates . .  

This Illstability is characterized by the 2 
1. 

, .  



figure 6. The indicated excursions in current would have been 

impossible if the power-supply characteristics. were defined by 

the steady-state curve shown in figure 7. The preset operating 

point is noted on the steady-state curve and the typical transient 

excursions from this point are shown by the.data points which were 

taken from an oscillograph record. This greatly reduced slope of 

the curve for the transient fluctuations indicate a greatly re- 

duced output impedance which has a destabilizing influence upon 

arc operation. 
a 

Preliminary analysis a€' the theoretical characteristics of' 

the power supply indicate that the low-frequency transient oscil- 

lations may be linked to a feedback from the load to the saturable 

reactor control circuit. (See for example reference 1.) C~LCU- 

lations are being made to determine feasibility of control circuit 

chokes to attenuate the low frequency oscillstions as described 

in reference 1. 

problem are being considered and data are now being taken to deter- 

mine the effect of various temporary "fixesn. 

: -  

In addition, other possible solut4ons to this 

CONCLUDING REMARKS 

The problem of supplying power to a variety of arc loads is 

not as simple and straightforward as might be expected from a, 

comparison of steady-state characteristics of arcs and power sup- 

plies. 

* not covered by this note, that transient characteristics of 

0 

It is apparent J,l& from the above problems, and others 
I 
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power supplies with arc heater loads will have to be considered 

for satisfactory stable operation of high powered arcs. 

1. John, R. R., and others: Theoretical and Experimental Inves- 
tigation of Arc Plasma-Generation Technology. Part I Applied 
Research on Direct and Alternating Current Electric Arc 
Plasma Generators, ASD TllR 62-729, Part I, Appendix C, Pro- 
Ject NO. 7360, Task.lVo. 736001, Jan. 1963. . .  
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